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® Conformai array antenna. 



© A conformai array antenna system is disclosed 
comprising a structural base body having a shape 
suitable for a surface of an airplane or a ship, and a 
plurality of antenna units disposed on the structural 
2! base body. Signals received by these antenna units 
^are converted into digital signals and fed to a digital 
h*beam forming circuit which synthesizes such digital 
^ signals to form a multiplicity of beams. The antenna 
units and the digital beam forming circuits may be 

JO connected by electrical transmission lines or optical 
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CONFORMAL ARRAY ANTENNA 



The present invention relates to a conformal 
array antenna for use with a radar system. 

Fig. 1 illustrates a block diagram of a prior art 
antenna system. In the figures the reference nu- 
meral 1 designates a conformal array antenna in- 
cluding a structural base body 2 assuming a semi- 
spherical configuration and a number n of antenna 
units 3, to 3 n arrayed on the structural base body 
2. A number n of signal lines 4, to 4 n interconnect 
the antenna units 3, to 3 n and a microwave beam 
forming circuit 5. Each of the antenna units 3, to 3 0 
which constitute the conformal array antenna 1 is 
an independent unitary antenna device. 

Next, the operation of the prior art antenna 
system will be described. A microwave power is 
received by the antenna units 3, to 3 n arrayed on 
the semi -spherical structural base body 2 of the 
conformal array antenna 1, and is transmitted via 
the signal lines 4. to 4 n to the microwave beam 
forming circuit 5 where the microwave signals are 
synthesized to form a multiplicity of beams by 
making use of microwave phase shifters, micro- 
wave variable attenuators, microwave switches and 
microwave couplers. 

In the thus constructed conventional antenna 
system, the antenna beams can be arbitrarily 
formed over the semi-sphere. In the case of for- 
ming a multiplicity of beams by employing micro- 
wave devices such as a phase shifter, an attenua- 
tor, a switch, a coupler and a distributor, however, 
the configuration loss becomes larger and only a 
limited number of beams can be formed concur- 
rently. Supposing that a beam is oriented in a 
desired direction when used as a part of the radar 
system, the shadowed units among the antenna 
units 3. to 3 n when viewing the conformal array 
antenna 1 from the desired direction cannot be 
effectively utilized. Especialfy when a scanning an- 
gle approximates to 90° from the zenith, almost 
half of the elements are not available for use. 

A general object of the present invention is to 
eliminate the problems described above. 

It is an object of the present invention to pro- 
vide an antenna system capable of simultaneously 
synthesizing a plurality of beams and constantly 
utilizing all the antenna units In an effective man- 
ner. 

In order to accomplish the above object, an 
antenna system according to the present invention 
comprises a plurality of antenna units each of 
which is adapted to convert outputs from an ele- 
ment antenna into a digital signal, and a digital 
beam forming circuit. The digital beam forming 
circuit effects a parallel process for synthesizing 
digital signals including phase and amplitude in- 



formation supplied from the respective antenna 
units. It is, therefore, possible to concurrently syn- 
thesize the digital signals to form a multiplicity of 
beams, which permits effective utilization of all the 

5 antenna units. Additionally, the problems that are 
caused by cross polarization can be eliminated. 
Moreover, a considerable improvement in perfor- 
mance is provided with respect to multi-target pro- 
cessing, expansion of the antenna beam scanning 

w range, interconnection with other signal processing 
systems based on digital processing, and miniatur- 
ization of the antenna system. 

It is another object of the invention to provide 
an antenna system capable of simultaneously syn- 

is thesizing digital signals to form a multiplicity of 
beams, utilizing all the antenna units effectively and 
reducing the electromagnetic interference between 
signal lines interconnecting the antenna units and a 
digital beam forming circuit. 

20 In order to achieve this object, an antenna 
system according to the present invention com- 
prises a plurality of antenna units each having 
photo-modulator means. The output from the 
photo-modulator means is sent by optical fibers to 

25 photo-demodulator means which convert the light 
signals to the corresponding electrical signals. 
These electrical signals are in a digital form and 
are supplied to a digital beam forming circuit The 
digital beam forming circuit is capable of process- 

30 ing the digital signals including phase-amplitude 
information by effecting a parallel process for syn- 
thesizing such digital signals, it is, therefore, possi- 
ble to concurrently form a multiplicity of beams, 
which permits effective utilization of all the antenna 

35 units. Because the optical fibers are employed for 
transmission of the signals, the problem caused by 
the electromagnetic interference is greatly reduced. 

It is stilJ another object of the present invention 
to provide an antenna system capable of simulta- 

40 neously synthesizing a multiplicity of beams, utiliz- 
ing all the antenna units in an effective manner, 
and solving the problems that are caused by elec- 
tromagnetic interference and cross polarization at- 
tributed to the difference in polarization between 

45 the antenna units. 

In order to achieve third object, an antenna 
system of the present invention comprises a plural- 
ity of antenna units each including a transmitting 
section, a receiving section and a TR switch. The 

so transmitting sections include a phase controller and 
are connected to a microwave power distributor, 
while the receiving sections include a low-noise 
amplifier and th rec ived signals are converted to 
digital signals and f d to a digital beam forming 
circuit The digital beam forming circuit serves to 
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process the digital signals including phase-ampli- 
tude information for arbitrarily synthesizing these 
signals to form multiple beams simultaneously and 
to. enable ail the antenna units to be utilized effec- 
tively. Moreover, because the transmitting section 
and the receiving section are incorporated to use 
the same element antenna, the problems caused 
by cross polarization are eliminated. If the signals 
are transmitted through optical fibers, a remarkable 
reduction in the electromagnetic interference can 
be expected and the signal transmission lines can 
be miniaturized. 

Other features and advantages of the invention 
will be apparent from the following description tak- 
en in connection with the accompanying drawings. 

Fig. 1 is a schematic illustration of a conven- 
tional conformal array antenna system; 

Fig. 2 is a block diagram of a first embodi- 
ment of a conformal array antenna system accord- 
ing to the present invention; 

Fig. 3 is a block diagram of an antenna unit 
of the conformal array antenna system shown in 
Fig. 2; 

Fig. 4 shows in detail the structure of the 
conformal array antenna system shown in Rg. 2; 

Fig. 5 is a schematic diagram of the DPSD 
shown in Fig. 4; 

Fig. 6 is a block diagram of a second em- 
bodiment of a conformal array antenna system 
according to the present invention; 

Rg. 7 is a block diagram of an antenna unit 
of the conformal array antenna system shown in 
Fig. 6; 

Fig. 8 is a modified form of the second 
embodiment; 

Rg. 9 is a block diagram of a third embodi- 
ment of a conformal array antenna system accord- 
ing to the present invention; 

Rg. 10 shows the structure of the antenna 
unit shown in Rg. 9; 

Rg. -11 is a block diagram of a fourth em- 
bodiment of a conformal array antenna system 
according to the present invention; and; 

Rg. 12 is a modified form of the fourth 
embodiment. 

Rg 2 shows the First embodiment of the 
present invention which is embodied as a receiving 
antenna system or a passive detection antenna 
system for use with a separate transmitting antenna 
system. 

In Fig. 2, a conformal array antenna 10 in- 
cludes a structural base body 1 1 which assumes a 
semi-spherical configuration and a number n of 
antenna units 12, to 12 n arrayed on the structural 
base body 11. A number n of signal lines 13, to 
13 n interconnect the antenna units 12, to 12„ and a 
digital beam forming circuit 14. The antenna units 
12, to 12 0 hav th same structur . Rg. 3 shows a 



schematic diagram of the antenna unit 12, as an 
example. The antenna unit 12, comprises an ele- 
ment antenna 12„, a low-noise amplifier 12,, and 
an A/D converter 12, 3 . 

5 Next the operation of the antenna system will 

be explained with reference to Rgs. 2 and 3. Mi- 
crowave signals are received by the element anten- 
nas 12., to 12 n ,of the antenna units 12, to 12 n 
which are fixed to the structural base body 11 of 

to the conformal array antenna 10. The received mi- 
crowave signals are then amplified by the tow- 
noise amplifiers 12, 2 to 12 nr the outputs of which 
are. directly or after being converted into the IF 
signals, supplied to A/D converters 12* to 12 ni 

ts which convert the supplied microwave signals to 
digital signals including phase and amplitude in- 
formation. The digital signals are transmitted via 
the signal lines 13, to 13 n to the digital beams 
forming circuit 14, in which the signals are syn- 

20 thesized as the digital signals to form multiple- 
beams by employing known techniques such as 
discrete Fourier transformation, fast Fourier trans- 
formation and Winograd Fourier transformation. 
Hence, it is feasible to digitally effect a parallel 

25 process of a plurality of signals transmitted from 
the antenna units 12, to 12„ in accordance with 
arbitrary beam configurations. Pieces of information 
sent from all the antenna units 12, to 12„ can be 
processed at any time in an effective manner, 

30 thereby enabling the information arriving from all 
directions in the semi-sphere to be obtained. 

Generally speaking, the amplitudes and phases 
at the antenna aperture of each of the antenna 
units 12, to 12„ are different from each other in 

35 correspondence with the position of the antenna 
units and the direction of the incoming waves. 
Accordingly, the signal et received by the element 
antenna 12 j| of the antenna unit 12, is expressed as 
follows: 

4Q e t = g } e i *i i = 1 , 2 n 

wherein q { is an element pattern of the element 
antenna 12,,and is a complex amount that depends 
on the position of the element antenna, and <tn 
represents an electrical length which is equivalent 

45 to the difference between the mutual distances of 
the respective element antenna, the received signal 
ei thus being a complex number. 

Referring now to Rg. 4, there is shown in - 
schematic form the structure of the conformal array 

so antenna system as shown in Rg. 2. As shown in 
Rg. 4, the digital beam forming circuit 14 includes 
a number n of serial-to-parallel converters 14,, to 
14 n , connected respectively to the signal lines 13. 
to 13„. a number n of digital phas sensitive detec- 

55 tors 14„ to 14 na connected to the corresponding 
serial-to-parallel converters, and a digital beam for- 
ming unit 15 for producing a plurality of output 
signals at output port P, to P n . The signal lines 13, 
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to 13 n carry m-bit digital signals from the analogue- 
to-digital converters 12,, to 12 n3 to the serial-to- 
parallel converters 14„ to 14 n ,. 

An explanation will be made by giving in- 
stances of the procedure of processing the micro- 
wave signal impinging on the antenna unit \2 X . 

The microwave reflected by a target and re- 
ceived by the element antenna 12}, is an analogue 
signal. The analogue signal thus received is In turn 
amplified by the low-noise amplifier 12 l2 with the 
relative relationship between the amplitude and the 
phase maintained. The amplified signal is fed to 
the analogue-to-digital converter I2 f3 in which the 
signal is sampled and quantized to form an m-bit 
digital signal The m-bit signal is transmitted 
through the signal line 13} to the serial-to-parallel 
converter 14;, in the digital beam forming circuit 14. 

In the digital beam forming circuit, the m-bit 
serial signal from the line 13j is converted to an Ha- 
bit parallel signal by the serial-to-parallel converter 
14j,. The parallel signal is sent every sampling time 
to the digital phase sensitive detector (DPSD) 14,, 
which converts the input signal to an l-signal and a 
Q-signal having the following relation: 
e 8 = I-, + jQj 

Fig. 5 shows an example of the DPSD. The input 
signal to the DPSD 14 i? is divided into two portions 
which are multiplied by the sine and cosine waves, 
respectively, to output two separate signals lj and 
Qi which are to be supplied to the digital beam 
forming unit 15. Similar to this, the signals received 
by the remaining antenna units are processed and 
sent to the digital beam forming unit 15. The digital 
beam forming unit is well-known as a discrete 
Fourier transform (DFT) beamformer, a fast Fourier 
transform (FFT) beamformer or a Winograd trans- 
form beamformer. Accordingly, the output signals 
corresponding respectively with n directions fl, to 
0 n are obtained from the output port P. to P n . For 
example, the output signal E t at the port P { is ex- 
pressed as follows: 

5 = I, + jQ, 

S = (I, 2 + Qi 2 ) 1 * 2 
<E, = tan" (Qi/lj) 

Turning now to Bg. 6, the second embodiment 
of the present invention is shown. In Fig. 6, iden- 
tical components and elements are designated by 
the same numerals as those used in Rgs. 2 
through 5. A number n of antenna units 20, to 20 n 
arrayed on the structural base body 11 are con- 
nected through optical fibers 21, to 21 n to a num- 
ber n of photo-demodulators 22, to 22„ which are, 
for example, photoelectric converters. Th outputs 
from the photo-demodulators ar fed to the digital 
beam forming circuit 14 for synthesis. The antenna 
units 20, to 20 n are of the same structure. Fig. 7 
shows a block diagram of th antenna unit 20, as 
an example. As shown in the figure, the antenna 



unit 20, comprises an element antenna 20,,, a low- 
noise amplifier 20, 2 connected to the element an- 
tenna 20, : . an analogue-to-digital converter 20. 3 
connected to the low-noise amplifier 20. a and a 

s photo-modulator 20,* connected to the anaiogue-to- 
digital converter 20. 3 . The photo-modulator may be 
a conventional electro-photo converter. 

Next, the operation of the antenna system will 
be described. Microwave signals are received by 

70 the element antennas 20,, to 20 n , of the antenna 
units 20, to 20„ and then amplified by the low-noise 
amplifiers 20, a to 20 nr The thus amplified micro- 
wave signals are, directly or after being converted 
into the IF signals, supplied to the A,D converters 

is 20, 3 to 20„, to be converted to digital signals in- 
cluding the phase and amplitude information. The 
digital signals are then converted into photo-signals 
by the photo-modulators 20 * to 20 n4 and transmit- 
ted via the optical fibers 21, to 21 0 to the photo- 

20 demodulators 22. to 22 n . The digital electric signals 
thus demodulated by the photo-demodulators 22 
to 22 n are supplied to the digital beam forming 
circuit 14 which synthesizes the digital signals by 
employing known techniques such as discrete 

25 Fourier transformation, fast Fourier transformation 
and Winograd Fourier transformation. Also in the 
second embodiment, it is feasible to digitally effect 
a parallel process of a plurality of the signals 
received by the antenna units 20 to 20 n according 

30 to arbitrary antenna beam configurations. Pieces of 
information received by the antenna units 21 . to 
21 n can be processed in an effective manner, 
thereby obtaining the information from all directions 
in the semi-sphere. Because the optical fibers are 

35 used as transmission lines, no problem of elec- 
tromagnetic interference can happen. Also, the sig- 
nal lines can be miniaturized. 

The A/D converters 20 - 3 to 20 ns are inserted 
between the low-noise amplifiers and the photo- 

40 modulators in Fig. 7. but each A/D converter may, 
as illustrated in Fig. 8. be disposed between the 
photo-demodulator and the digital beam forming 
circuit. In this case, the photo-modulators 20 .« to 
20 n4 convert the microwave signals, directly or after 

45 being converted into the IF signals, into the photo- 
signals. The thus converted photo-signals are 
transmitted via the optical fibers 21 , to 21 n to the 
photo-demodulators 22, to 22 n to be demodulated 
to the electrical signals. The demodulated electrical 

so signals are converted, directly or after being con- 
verted into the IF signals, into the digital signals by 
means of the A/D converters 20. 3 to 20„ r 

The two embodiments described above relate 
to receiving antenna systems. On the other hand, 

55 the third and fourth embodiments shown in Rgs. 9 
through 1 2 are systems capable of transmitting and 
receiving microwave signals. In these figures, id n- 
tical elements and components are designated by 
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the same reference numerals as those used in 
Figs. 1 through 8. 

Referring now to Fig. 9. a number n of antenna 
units 30, to 30„ arranged on the semi-spherical 
body 11 of the conformai array antenna 10 are 
connected through a number n of sending lines 31 , 
to 31 „ to a microwave power distributor 32 that is 
receiving microwave power from a transmitting sig- 
nal generator 33. The antenna units 30. to 30 n are 
also connected through a number n of receiving 
lines 34, to 34 n to the digital beam forming circuit 
14 which synthesizes input digital signals to form a 
multiplicity of beams. 

Fig. 10 is a more detailed illustration of the 
conformai array antenna system shown in Fig. 9. 
As seen in Fig. 10, ail the antenna units 30, to 30„ 
have the same circuit structures. Element antennas 
30„ to 30 n , are connected through TR switches 
30,2 to 30 nj to transmitting sections 30 , 3 to 30 na and 
to receiving sections 30 : * to 30 n4 . These TR switch- 
es 30. 2 to 30n 2 may be conventional circulators or 
diode switches. The transmitting sections 30 , 3 to 
30 n3 include high power amplifiers 30,* to 30^ and 
phase controllers 30 .« to 30 nfi , while the receiving 
sections 30.* to 30 ni include low-noise amplifiers 
30,7 to 30 n? and analogue-to-digital converters 30 1 
to 30 nr 

Next, the operation of the antenna system of 
Fig. 10 will be explained. A microwave signal re- 
ceived from the signal generator 33 and input to 
the microwave power distributor 32 is distributed to 
a number n of outputs each having a desired 
amplitude and phase. These output signals are 
transmitted via the sending lines 31, to 31 n to the 
transmitting sections 31 . 3 to 31 n , of the antenna 
units 30, to 30 n . In the transmitting sections, the 
microwave signals undergo phase changes in the 
phase controllers 30.. to 30 n$ so as to form desired 
antenna beams. Then the phase-controlled micro- 
wave signals are amplified by the high power am- 
plifiers 30,5 to 30 n5 . pass through the TR switches 
30, a to 30 n , and are then emitted from the element 
antennas 30,, to 30 n , into space. The microwave 
signals which have been emitted into space are 
reflected by a target and received by the element 
antennas 30., to 30 n ,. Subsequently, the received 
microwave signals are transmitted via the TR 
switches 30, a to 30 n , to the receiving sections 30 ,* 
to 30 n4 of the antenna units. The microwave signals 
input to the receiving sections 30,* to 30 n< are 
amplified by the low-noise amplifiers 30 17 to 30 nr 
The thus amplified microwave signals are fed, di- 
rectly or after being converted into the IF signals, 
to the analogue-to-digital converters 30 > to 30 ni 
which in turn convert the input analogue signals 
into digital signals including phase and amplitude 
information. These digital signals are transmitted 
via the receiving lines 34, to 34„ to the digital b am 



forming circuit 14 in which the signals are syn- 
thesized to form multiple beams by employing 
known techniques such as discrete Fourier trans- 
formation, fast Fourier transformation and Winograd 

5 Fourier transformation. Hence, it is possible to 
digitally effect a parallel process of the signals sent 
from the antenna units 30, to 30 n in accordance 
with arbitrary beam configurations. Furthermore, 
the information from all the antenna units can be 

io processed unfailingly in an effective manner, there* 
by constantly obtaining information from all direc- 
tions in the semi-sphere. 

When antenna units 30. to 30 n , which are 
adapted for a linearly polarized wave are em- 

is ployed, the polarization of the transmitted signal is 
the same as that of the signals received after being 
reflected by the target, if consideration is given to 
the individual element antennas 30,, to 30 n ,. The 
signals reflected by and coming from the target are 

20 converted into digital signals including phase-am- 
plitude information, and the digital signals are syn- 
thesized by the digital beam forming circuit 14, so 
the problem of cross polarization caused by the 
difference in polarization between the antenna units 

25 is solved. 

The same operation as the third embodiment 
may be expected even when light signals are uti- 
lized for transmission of signals between the an- 
tenna units 31. to 31 n and the microwave power 

30 distributing circuit 32 and the digital beam forming 
circuit 1 4. Fig. 1 1 shows the fourth embodiment of 
the present invention which uses light signals for 
transmission of signals. In comparison with the 
third embodiment, the antenna units 40, to 40 n of 

as the fourth embodiment include photo-modulators 
40,a to 40 na and photo-demodulators 40„ to 40„,. 
The outputs from the microwave distributing circuit 
32 are converted into light signals by the photo- 
modulators 41 , to 41 n and are then transmitted via 

40 optical fibers 42, to 42„ to photo-demodulators 40,. 
to 40 n . added to the transmitting section 40* to 
40„ 3 of the antenna units. In the photo-demodula- 
tors, the light signals are converted into microwave 
signals to be transmitted. In reception, the digital 

45 signals are converted into light signals by means of 
the photo-modulators 40, 2 to 40 n , added to the 
receiving section 40* to 40 n4 of the antenna units. 
The thus converted light signals are transmitted via 
optical fibers 43, to 43 n to photo-demodulators 44, 

so to 44„ to provide electrical signals to the digital 
beam forming circuit 14. In the fourth embodiment 
shown in Fig. 11, the light signals are employed for 
the transmission of signals between the devices, 
and hence the problem caused by electromagnetic 

55 interference between the signal lines is obviated, 
and the signal lines are of diminished size by virtue 
of the provision of the optical fibers. 

Fig. 12 is a modification of the fourth embodi- 
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ment shown in Fig. 11. In this case, the analogue- 
to-digital converters 30 .« to 30 nB of the receiving 
sections are positioned between the photo-de- 
modulators 44, to 44 n and the digital beam forming 
circuit 14. It can be expected that operation and 
effects similar to those achieved in the fourth em- 
bodiment will be exhibited. 

The invention has been described in detail with 
particular reference to certain preferred embodi- 
ments thereof, but it will be understood that vari- 
ations and modifications can be effected within the 
spirit and scope of the invention. For example, the 
shape of the conformal array antenna system ac- 
cording to the present invention is need not be 
limited to the semi-sphere, but may be made to be 
fitted to the shape of certain structures such as 
ships, airplanes, missiles, vehicles, satellites and 
ground radar sites, or may be a portion of a cyl- 
inder, sphere or cone, or a portion or portions of a 
shape made as a combination of any two or three 
of a cylinder, a sphere and a cone. Further, the 
conformal array antenna system of the present 
invention can utilize not only linearly polarized 
waves but also circularly polarized waves. 



Claims 

1. A conformal array antenna system compris- 
ing: 

a plurality of antenna units disposed on a 
structural base body having a predetermined 
shape, each antenna unit including means for con- 
verting a received analogue electrical signal into a 
digital electrical signal; and 

digital beam forming means for synthesizing 
the digital electrical signals from said antenna units 
to form a multiplicity of beams. 

2. An antenna system as defined in Claim 1 
wherein each of said antenna units includes a lowe- 
noise amplifier for amplifying the analogue signal 
and an analogue-to-digital converter for converting 
the amplified analogue signal into the digital signal. 

3. In a conformal array antenna system com- 
prising a plurality of antenna units disposed on a 
structural base body having a predetermined 
shape, the improvement comprising: 

a plurality of analogue-to-digital converters 
each included in said antenna unit for converting a 
received analogue electrical signal into a digital 
electrical signal, the digital electrical signals being 
transmitted to a digital beam forming circuit adapt- 
ed to synthesize the digital electrical signals to 
form a multiplicity of beams. 

4. A conformal array antenna system compris- 
ing: 

a plurality of antenna units disposed on a 
structural base body having a predetermined 



shape, each antenna unit including means for con- 
verting a received electrical signal into a digital 
light signal; 

optical fiber means for transmitting the digital 
5 light signals; 

photo-demodulator means for converting the 
digital light signals from said optical fiber means 
into digital electrical signals; and 

digital beam forming means adapted for 
w synthesizing the digital electrical signal from said 
photo-demodulator means to form a multiplicity of 
beams. 

5. An antenna system as defined In Claim 4 
wherein said means for converting a received elec- 
/5 trical signal comprises an analogue-to-digital con- 
verter for converting the received analogue signal 
into a digital signal, and a photo-modulator for 
converting the digital signal into a digital light sig- 
nal. 

20 6. A conformal array antenna system compris- 

ing: 

a plurality of antenna units disposed on a 
structural base body having a predetermined 
shape, each antenna unit including means for con- 
2S verting a received analogue signal into an analogue 
light signal; 

optical fiber means for transmitting the 
analogue light signals; 

photo-demodulator means for converting the 
30 analogue light signals from said optical fiber means 
into analogue electrical signals; 

A/D converter means for converting the 
analogue electrical signals from said photo-de- 
modulator means into digital electrical signals; and 
35 digital beam forming means adapted for 

synthesizing the digital electrical signals from said 
ArD converter means to form a multiplicity of 
beams. 

7. A conformal array antenna system compris- 

40 ing: 

a plurality of antenna units disposed on a 
structural base body having a predetermined 
shape, each antenna unit including an element 
antenna, a transmitting section, a receiving section 
45 and a TR switch for selectively connecting said 
element antenna and the transmitting section or the 
receiving section, each of said receiving sections 
including means for converting an analogue elec- 
trical signal from said element antenna into a digital 
so electrical signal; 

a transmitting signal generator means; 
power distributing means for distributing an 
electrical signal from said transmitting signal gener- 
ator means to said transmitting sections of said 
55 antenna units; and 

digital b am forming means for synthesizing 
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the digital electrical signals from said receiving 
sections of said antenna units to form a multiplicity 
of beams. 

8. An antenna system as defined in Claim 7 
wherein said transmitting section includes a phase 
controller connected to said power distributing 
means and a high power amplifier connected to 
said TR switch. 

9. A conformal array antenna system compris- 
ing: 

a transmitting signal generating means; 

means for distributing an electrical signal from 
said transmitting signal generating means; 

photo- modulator means for converting the 
distributed electrical signals into light signals; 

first optical fiber means for transmitting the 
light signals from said photo-modulator means; 

a plurality of antenna units arranged to form a 
predetermined shape, each antenna unit including 
an element antenna, a transmitting section for con- 
verting the light signal from said first optical fiber 
means into an electrical signal, a receiving section 
for converting a received electrical signal to a digi- 
tal light signal, and a TR switch for selectively 
connecting said element antenna and said transmit- 
ting section or said receiving section; 

second optical fiber means for transmitting the 
digital light signals; 

photo-demodulator means for converting the 
digital light signals from said second optical fiber 
means into digital electrical signals; and 

digital beam forming means for synthesizing 
the digital electrical signals from said photo-de- 
modulator means to form a multiplicity of beams. 

10. An antenna system as defined in Claim 9 
wherein said transmitting section includes a photo- 
demodulator for converting the light signal from 
said first optical fiber means into an electrical sig- 
nal, a phase controller connected to said photo- 
demodulator and a high power amplifier connected 
to said phase controller, and wherein said receiving 
section includes a low-noise amplifier connected to 
said TR switch, an analogue-to-digital converter for 
converting a received analogue electrical signal 
into a digital electrical signal, and a photo-modula- 
tor for converting the digital electrical signal into a 
digital light signal. 

11. A conformal array antenna system compris- 
ing: 

a transmitting signal generating means; 
power distributing means for distributing the 
signal from said signal generating means; 

photo-modulator means for converting the 
distributed signals into a first light signal; 

first optical fiber means for transmitting the 
first light signal; 

a plurality of antenna units arranged to form a 
predetermined shape, each antenna unit including 



an element antenna, a transmitting section for con- 
verting the first light signal from said first optical 
fiber means into an electrical signal, a receiving 
section for converting a received electrical signal 

5 into a second light signal, and a TR switch for 
selectively connecting said element antenna and 
said transmitting section or said receiving section; 

second optical fiber means for transmitting the 
second light signals from said receiving sections; 

to photo-demodulator means for converting the 

second light signals from said second optical fiber 
means into analogue electrical signals; 

A/D converter means for converting the 
analogue electrical signals from said photo-de- 

75 modulator means into digital electrical signals; and 
digital beam forming means for synthesizing 
the digital electrical signals from said A/D converter 
means to form a multiplicity of beams. 

12. An antenna system as defined in any one 
20 of the preceding claims wherein said digital beam 

forming means includes serial-to-parallel converters 
for converting the received serial digital signals into 
parallel signals, digital phase sensitive detectors for 
converting the parallel signals into l-signals and Q- 
25 signals, and a digital beam forming unit for syn- 
thesizing the l-and Q-signals to form a multiplicity 
of beams. 

13. An antenna system as defined in Claim 12 
wherein said digital beam forming unit is any one 

30 of a discrete Fourier transform beamformer, a fast 
Fourier transform beamformer or a Winograd trans- 
form beamformer. 



35 



to 



45 



50 



55 



7 



0 276 817 



Fig. I 




0 276 817 




Fig. 3 



r 


( 12,2 


/12, 3 | 




LOW 
NOISE 
AM P. 




% 










L 











0 276 817 



£L 
O 



O 



U. 



i -J 




g 


AM 




Ld 


a 


m 



Q 
if) 
Q_ 
Q 



CM 



CL 
\ 

tn 



CM 



CM 
CM 



CM 



Q 
< 



< 
2 
—I 



CM 



0 



Q 

CO 
CL 
Q 



CM 



CL 



ro- 



te 
CM 



CM 



Q 



< 



CM 

.-I 

.CM 



v 7 ^ 



0 276 817 



Fig. 5 




COS SIN 



Fig. 7 



20, 

.jL 



20„ 

J 




LOW 

NOISE 

AMP. 




A /D 




PHOTO- 






MOD. 



0 276 817 



Q 



c 













ITA 


AM 


RM 


ID 


LU 


o 


i 

Q 


00 








CM 




c 

CM 




0 276 817 




c 

< 








PHOTO- 
DEM. 






PHOTO - 
M 0 D. 






LOW 

NOISE 

AMP. 

I — i 1 


CM / 


\ 




0 276 817 



Q_ 
Q 



C 
Q. 
Q 



CM 
to 



Ll 
CL 
Q 



c 



0) 



to 



1 




to 
to 



Q 

a. 



to 



c 
ro 




0 276 817 




C 
^ - 

ro 



ro 



O 6 

- — ro 

• — 



+H 
ii 

n 
ii 



O 
< 



ro -+T 



< 
z 
-J 



o 

Q. 



(0 



LL6 



< 
Ql 
I 



I 



16 

|I0 

L 



O 
ro 



!l £ 
o 

ro 



I 



ro 

O 
ro 



CM 

ro 



~ *.T - 
ro I 



CO 

c 

° i 

I I 

■1 

ro | , 



CO 

c 



(J 

Q_ 



< 
Q. 





X 




o 


q: 




►— » 






(0 



*2 
o 

ro 



14+* ° 



II 

II £ 

4-ho 
I « 



r-M 
\ ,1 

O I 
•o i 



si 



CM 

c 

o 

ro 



0 276 817 




0 276 817 




